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Preface

Project 91-051 was initiated in 1991 in response to the Endangered Species Act (ESA)
listings in the Snake River Basin of the Columbia River system. Primary objectives were to 1)
address the need for further synthesis of historical tagging and other biologica information to
improve understanding and identify future research and analysis needs and 2) to assst in the
development of improved monitoring capabilities, statistical methodologies and software tools to
assist in optimizing operational and fish passage strategies to maximize the protection and sur-
vival of listed threatened and endangered Snake River samon populations.

Beginning in 1993, a mgor focus of this project became the in-season prediction of the
genera timing of smolt outmigrations of the listed Snake River wild salmon populations. Data
provided from smolt monitoring and research projects, the Fish Passage Center (FPC), the Pecific
States Marine Fisheries Commission PIT-Tag Information System (PTAGIS) primary database
centers and the University of Washington second-tier database DART (Data Access in Red Time)
information system were used in the systematic analysis of historica data and the development of
datistica methods and interactive software tools.

Theinitial version of program RealTime, a statistical software program for predictions of
run-timing (Skalski et al. 1994) was developed and tested during the 1994 Snake River spring
smolt outmigration. Program RealTime used PIT-tag data from PTAGIS, based on fish releases
from the Columbia Basin Fish and Wildlife Agencies tagging studies. In making predictions, the
method uses State-of-the-art approaches to pattern recognition, nonlinear least-squares, feedback
loops, numerica logic and bootstrap variance estimation. Specificaly, the PIT-tag detections at
Lower Granite Dam were used to make daily predictions of the “percent run-to-date’ and “date to
specified percentiles” for a number of individud streams included in the Nationd Marine Fisher-
ies Service (NMFS) ecological significant unit (ESU) for Snake River wild spring/summer year-
ling chinook. In this first year, two experimental approaches, a synchronized historical run pattern
matching agorithm and a least-squares agorithm, were compared to two agorithms suggested by
FPC (Townsend, et a. 1995).

In 1995, following evduation of the performance of the 1994 agorithms of program Real-
Time (PIT Forecaster) and further discussions with technica members of the FPC and other par-
ties of the Columbia River fisheries community, the best attributes of al the agorithms in use
were combined into an improved version of program RealTime, denoted as the New Least-
Squares (NLS) prediction method. Like 1994, red-time PIT-tag detections a Lower Granite Dam
were used to make predictions of the generd timing of the 1995 spring outmigrating wild spring,/
summer chinook (Townsend, et a. 1996).

For the1996 migration season, program RealTime was integrated with the University of
Washington Columbia River Salmon Passage project (CRiSP), to dlow the prediction of spring/
summer yearling chinook passage at other Snake and Columbia River dams from Little Goose to
McNary Dams (results are reported by the CRiSP project (Hayes et d. 1997)). This report con-
tains the 1996 season results of the forecasts for wild spring/summer yearling chinook outmigra-
tion timing a Lower Granite Dam.



Acknowledgments

We wish to express thanks to the many fisheries agencies, Tribes and other ingtitutions that
have expended considerable resources in the generation, assembly, analysis and sharing of
Columbia River biologica, hydrologic, operational and other related information. Deserving par-
ticular thanks are the staff of the agencies and Tribes responsible for conducting the annual
Columbia River Smolt Monitoring Program, the Fish Passage Center and the Pacific States
Marine Fisheries Commisson PIT-Tag Information System (PTAGIS) primary database centers
for providing timely in-season access to fish passage and PIT-tag information and the University
of Washington second-tier database DART (Data Access in Red Time) information system which
receives, processes and provides access to biologica, hydrologic and operationd information via
the intemet.

Specia appreciation is extended to Judy Cress and Peter Westhagen of the School of Fish-
eries a the University of Washington for providing critical data management and computer pro-
gramming support.

Funding support for this work came from the Pecific Northwest region’s electrica rate-
payers through the Columbia River Fish and Wildlife Program administered by the Bonneville
Power Administration.

Vi



Executive Summary

0 bjective

The objective of Program RealTime is to predict and report in real-time the “percent run-to-
date’ and “date to specified percentiles’ wild migrant spring/summer yearling chinook outmigra-
tion which arrive at Lower Granite Dam for both individua and a composite of Snake River
streams.

Accomplishment

Some adjustments had to be made to program RealTime agorithms in 1996, as less wild
spring/summer chinook parr were PIT-tagged in 1995 due to low spawner abundance in most
Snake River streams in 1994. In-season predictions of migration status were made for only six
stocks during the 1996 smolt outmigration: Catherine Creek, the Grande Ronde, Imnaha, Lostine,
South Fork Salmon and South Fork Wenaha rivers. Objectives were accomplished for the six
sdlected stocks. On-line run-timing predictions were provided via the Internet to the fisheries
community throughout the spring smolt outmigration.

Findings

The 1996 prediction performance was very comparable to the program’s performance the
prior year. Using the mean absolute deviance (MAD) of the daily predicted outmigration-propor-
tion from the actual outmigration-proportion as a measure of accuracy, the MAD’s across al six
sites in 1996 (5.7 over the entire season, 7.8 first half of the season, 4.6 last half) continued to
improve over the previous years performance: the mean 1995 MAD’ s across release sites were
6.4 overdl, 7.1 firgt haf, 6.1 last haf. The 1996 composite (of the six stocks) forecast MAD’s
(2.4 overdl, 1.9 firg hdf, 2.5 last haf) were smilar to the MAD’s for the 1995 composite fore-
cast (2.2 overdl, 2.7 first haf, 2.0 last half). The increase in prediction error in the last hdf of the
1996 outmigration season is dtributed to the sudden out-flux of fish between 10 and 20 May for
four of the six stocks, and may be associated with increased flow and spill a Lower Granite Dam
which occurred over the same period in the Columbia Basin.

Management Implications

The ability to accurately predict the outmigration status of composite or individua salmon
and steelhead stocks at different locations in the Federal Columbia River Power System (FCRPS)
can provide vauable information to assst water managers in optimizing operationa and fish pas-
sage drategies to maximize benefits to smolt surviva. As ambient river conditions effecting
smolt surviva change in-season, it is important for water managers to be able to access the risks
to the individua stocks that comprise the different run timing segments of the overdl population,
S0 that adequate actions to protect weak, listed and endangered stocks can be taken. Since the
1994 outmigration, program RealTime has been applied to provide in-season predictions of smolt

1. Mean absolute deviance is the average absolute difference between the predicted proportion and the
observed proportion of the outmigration distribution. calculated over the days in the outmigration.
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outmigration timing for individual and aggregates of listed threatened and endangered Snake
River sdmon stocks. These predictions have been made available to the fisheries community to
assist in-season river management.

Recommendations

Results from the 1996 smolt outmigration of Snake River spring/summer chinook show pre-
diction of run-timing can be accurately forecasted and suggest improvements that can be made to
the RealTime PIT Forecaster program. We recommend changing the PIT Forecaster criteriato
include only PIT-tag detections for parr marked during the previous summer season to improve
the consistency and accuracy of predictions.

viil



Introduction

Three Ecologicdly Significant Units (ESU) of Pecific salmon (spring/summer chinook, fall
chinook and sockeye sdmon) have been designated as either threatened or endangered (T&E)
under the Endangered Species Act (ESA) in the Snake River Basin. The tributary populations of
spring/summer chinook ESU reside primarily in the Snake River Basin, in the drainages of the
Sdmon, Lemhi, Pahsmeroi, Grande Ronde, and Imnaha River, dl of which are Stuated upstream
of Lower Granite Dam. Additionaly, a smal population resides in the Tucannon River, which
enters the Snake River between Lower Monumenta and Little Goose dams. The fall chinook
ESU is comprised of the progeny produced from the spawning populations of fal chinook in the
Snake, Tucannon, Clearwater and Grande Ronde Rivers. The sockeye ESU currently consists of
Redfish Lake stock sockeye in the captive broodstock program at Eagle and Beef Creek hatcher-
ies, and the hatchery fish released from this program into the Redfish Lake, Pettit Lake, Pettit
Creek, and Redfish Lake Creek; wild resdua sockeye in the Redfish Lake and their out-migrat-
ing progeny; any naturally-spawned progeny of broodstock adults released into Redfish Lakein
1993-94; and any adults returning to Redfish or Pettit Lake.

Regulating the timing and volume of water released from storage reservoirs (often referred to
as flow augmentation) has become a centrd mitigation Strategy for improving downstream migra
tion conditions for juvenile salmonids in the Snake River. Threatened and endangered samon
stocks have received increased priority with regard to the timing of this flow augmentation, par-
ticularly in the Snake River. The optimum is to release water from the storage reservoirs at times
when the listed stocks are in geographic locations where they encounter the augmented flow. The
success of the flow augmentation, in turn, depends on releasing reservoir waters when and where
wild smolt will benefit the most. This requires the ability to predict in red time the status and
trend in the outmigration timing.

Since 1988, juvenile wild Snake River spring/summer chinook samon have been PIT-tagged
through monitoring and research programs conducted by the Columbia River fisheries agencies
and Tribes. Information from these studies is presented in reports by the Fish Passage Center
(1994, 1995, 1996), National Marine Fisheries Service (Accord et a. 1992, 1994, 1995a, 19950,
1996, Matthews et d. 1990, 1992), Idaho Department of Fish and Game (Kiefer et a. 1990, 1993,
1994), Oregon Department of Fish and Game (Walters et al. 1996, Keefe et al. 1995, 1996) and
the Nez Perce Tribe (Ashe et al. 1995, Blenden et a. 1996). The detection of tagged individuals at
Lower Granite Dam provides a measure of the tempord and spatial distribution of the wild popu-
lations. Program RealTime was developed to take advantage of this historical data to predict the
proportion of a particular population that had arrived at the index site in red-time and to forecast
elapsed time to some future percentile in a migration. The capability of accurately predict smolt
outmigration status improves the ability to match water management and operations to migration
timing of ESA listed and other salmonid and steelhead stocks and contributes to the regiona goa
of increasing juvenile passage surviva through the Columbia River system,

This report is a post-season analysis of the accuracy of the 1996 predictions from the program
RealTime. Observed 1996 migration data collected at Lower Granite Dam were compared to the
predictions made by RealTime for the spring outmigration of wild spring/summer chinook.



Appendix A displays the graphica reports of the RealTime program that were interactively acces
sible viathe World Wide Web during the 1996 migration season. Final reports are available at
address http:/fwww .cqs.washington.edu/crisprt/.The CRiSP mode incorporated the predictions of
the run status to move the timing forecasts further down the Snake River to Little Goose, Lower
Monumental and McNary Dams. An analysis of the dams below Lower Granite Dam is available
separately (Hayes et a. 1997-m press).

Methods

Description of Data

The 1996 spring outmigration of wild spring/summer chinook from six individual streams
were used in evaluating the performance of program RealTime. These streams were chosen for
their consistent recovery numbers, each having at |least three years of data with a minimum of 30
tag detections per year. This was the minimum amount of historical data considered necessary in
the formulation of the program. Five of the six tag sites examined were in Oregon, with the
Salmon River South Fork being the only qualifying tag sitein Idaho (Fig. 1, Table 1). The reduc-
tion of tagging efforts in Idaho led to the abandonment of predictions for nine sites included in
1995 (Table 3). As a result, the 1996 composite run is strongly represented by the Oregon stocks.

Figure 1: Map of Columbia Basin showing release sites used in the 1996 out-migration
season forecast timing.
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Table 1. The six individual tag-sites used in predicting smeolt run-timing by
program RealTime in 1996.

Stream Name GIS Hydrounits®
Catherine Creek 17060104
Imnaha River 17060102
Lostine River 17060105
Minam River 17060106
Salmon River, South Fork 17060208
Wenaha River, South Fork 17060106

a Geographica Information System (GIS) designations established by the U.S. Geologica Survey.

As some smolt will pass dams undetected through the spill gates, the daily number of fish
observed are adjusted for spill using a variant on a method suggested by Giorgi et a. (1985), Stue-
hrenberg et a. (1986) and Wilson et a. (1991). For 20 and 40% of the totad water volume going
through the spillway a Lower Granite Dam, the suggested spill effectiveness was 41 and 61%,
respectively. A quadratic equation (1) approximates these two points of adjustment, as well as the
points (0,0) and (1,1) (Figure 2).

y = 1.667x° - 3.25x° + 2.583x ()
where y = estimated proportion of smolts that passed unobserved through the spillway, and
x = proportion of tota water volume through the spillway.

Figure 2: Program RealTime spill adjustment for observed smolt detected at L ower Gran-
ite Dam, compar ed to a one-to-one proportion-smelt to proportion-spill adjustment.
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Prediction -Models

Since 1994, the RealTime Forecaster has been using least squares-based agorithms to make
daly, redtime predictions. The Least Squares (LS) prediction method incorporates release-recap-
ture information (or other external pre-run estimates) and a measure of the age of the run (number
of days from the start of the outmigration to the present, weighted by the number of fish observed
per day) in its prediction andyss. This effectively binds these indicators together into a single,
more accurate and robust predictor. The 1995 and 1996 versions of the LS method’ are nearly
identical. The only change in the agorithm is an adjustment to the weighting function to incorpo-
rate release-recapture information for 1996.

Least-Squares (LS) Algorithm

For a given day during the run, the LS dgorithm computes the predicted proportion (p ) of the
outmigration by finding the value of p that minimizes the estimated error according to his torical
run data. The p error is aweighted combination of the least-squares (LS) error, the release-recap-
ture (RR) error, and the age-of-run (AR) error. Weighting depends on the age of the run and the
quality of the higtoric data for the given stream. In the 1994 post-season analysis, the release-
recapture method was shown to be a better predictor at the beginning of a run, deteriorating as
time progressed. On the other hand, the least-squares method started poorly, but became a better
predictor as the run progressed. To combine these two methods, the release-recapture agorithm
prediction is heavily weighted initidly, with weight shifted to the LS method over time. The ini-
tid weighting of the RR error aso depends how consistent the release-recapture percentages are
from year to year for the selected stream.

Least-Squares (LS) Error

The least-squares error (LSE) for each p is summed over the historical years for which data
are avallable. The current run is smoothed using 3, 5-day smoothing passes to filter out statistical
randomness. The same smoothing isdoneto the initial p percent of each historical year. Each
outmigration pattern is divided into 100 equa portions and the dopes over each corresponding
interval are computed. The sum of squares for a prediction compares the dopes for the current
year (soj) versus the respective slopes for theinitial p percent of the historical years(5;j3 ). The
total squared error for each predicted percentage of outmigration p is calculated according to the
formula

n 100
~ 2
LSE(p) = Z 2 (soj - sijp) Wi (2)
i=1j=1

where s,; = observed dope at the jth percentile =0, . ... 100) for the current year of prediction,

Sijp = dope at the jth percentile (j =0, . ... 100) for the first p percent of the ith historical
year (i=1,....n),and

1. The LS agorithm was referred to as the New Least Squares (NLS) algorithm in the 1995 report for com-
parison purposes to the original form of the LS algorithm used for the 1994 outmigration season.



Wy = weight for thejth percentile for the & historical year.
For example, letting p =30%, the present run will be compared to the first 30% of the outmigra-
tion for each historical year. Smilar caculations are performed for each percentage from 0 to 100
percent. The percentage that minimizes the sum of squares(Eq. 2) isthe best prediction for the
current outmigration timing according to the LS algorithm. The weighting factor is included to
more evenly distribute the squared error contribution throughout the outmigration distribution.
The weights arel

. = D,:;+D;
¥~ R_+R,
o i
where D,; = esimated number of days between the (j- 1) and jth percentile for the present year,
Dy = number of days between the (j-1) and jth percentile for the ith historical year (i =1,
cees M),
R, =range in days of the current observed outmigration, and
R; =rangein days of the ith historical year outmigration (i =1, ....n).

The effect of w, i isto give more weight to the errors generated in the tails of the distribution,
where the dopes tend to be flat and the number of days between each percentile point are high.
Less weight is given to the mid-season, when large numbers of fish detected on a daily basiswill
create a steep dope in the cumulative distribution. The total sum of the weights adds to one.

Release-Recapture (RR) Error

The Release-Recapture method made predictions of run timing by using the tota recapture
proportion observed in a previous season and then assuming that proportion to be similar for the
present year. Further analysis of the release-recapture proportions show that this assumption is
not true through the years for all streams, so the average proportion (p) for an individual stream
was used, as this method does work well for forecasting the first half of the season. The predicted
percent of the run is calculated according to the formula

RR = —4 3)
~ PxN
where
RR = edtimated proportion of the outmigration passed on day d,
Xg = total observed smolt to day d,
D = mean tota proportion of outmigration recovered, and
N = totd number of smolt tagged for the present year.

The number of fish tagged for the present year for a given stream or stream aggregate is mul-
tiplied by the mean recapture ratio () of previous years (Table 2) to determine the total number
of fish expected. The proportion passed is then estimated. For example, Catherine Creek observed
a mean recapture percentage of 11.5% at Lower Granite Dam. For the 1996 run, 1682 smolt were



released in Catherine Creek. The expected tota number of smolt to be observed at Lower Granite
Dam for 1996, based on historical data, would be estimated to be 193.43 smolt (1682 * 0.115).

RealTime then evauates each possible percentage p (0 to 100) of the outmigration propor-
tion a Lower Granite Dam by caculating an associated Release-Recapture error (RRE). The
RRE(p ) istheratio of the predicted RR and each percentage p of the outmigration distribution:

I
=T i f p>RR
RRE(p) = 4
(P) <R_§ | f p<RR 4)
P
1 if p= RR

The prediction p is assigned the least amount of error (RRE(p) = 1) when it isequal to RR and
more error (RRE(p)> 1) the further p isfrom RR.

Table 22 Summary for the six sites used in predicting 1996 run-timing by program
RealTime showing (1) number of tagged wild chinook salmon parr released in 1995, (2)
detected number of smoltsat Lower Granite Dam in 1996, (3) detected number of smolts,
adjusted for spill, (4) number of years of historical data, (5) average historical spill-
adjusted recapture percentage (p) and (6) the spill-adjusted recapture percentage for
1996.

& ) 3 @ () (6)

Tagging Location 1995 Parr  1996PIT Adjusted Yearsof ~ Mean Historicadl 1996 Recapture
Tagged  Detections PIT Detections Hist. Data  Recapture P (%) p (%)
Catherine Creek 1682 116 261.7 5 115 156
Imnaha River 999 97 2335 7 9.9 22.4
Lostine River 978 81 188.2 5 130 19.2
Minam River 998 68 165.0 3 128 165
Samon River, South Pork 700 16 371.2 6 8.6 53
Wenaha River. South Fork 827 53 1324 3 11.2 16.0

a. Data Sources: PTAGIS Database and RealTime program output as of 20 November 19%.

Age-of-Run (AR) Error

The mean-fish-run-age (MFRA) is the average number of days since the outmigration Started,
weighted by the number of fish observed per day. The MFRA is cdculated for each outmigration
portion pof the last historical outmigration and the present run a Lower Granite Dam by



Z [fishyx (n+1 -d)]
MFRA(p) = 4=1—— (5)

Z fish,
d=|I

where:
fishg = number of fish observed on day d,

n = tota number of days until the cumulative proportion p of the total smolt outmi-
gration has been observed.

The present year’s MFRA is matched to each historical year’s MFRA. The historical observed p
corresponding to the matching MFRA is the predicted p , 5 from that year.

The Age-of-Run error associated with this prediction (ARE) is the ratio of the present run
mean fish-run-age (MFRA ,z) and the predicted percentage p mean fish-run-age (MFRA,):

[ MFRA.

WAAR | f MFRA@)MFRAAR

ARE(D) = | MFRAMR ¢ \era. < MFRA ©
MFRA, ! b AR
1 i f MFRA,= MFRA p

This gives the prediction from the AR agorithm the least amount of error, with more error the
further pisfrom p,p.

Calculation of the Total Error

An error is computed for each p (0-100) by combining the three algorithms by

) LSE(p) )
= X
Err(p) (1 ¥ LSE(p) X MFRA + 200.0

(e re]) <+ 4560 ”

where:
ARE(p ) = age-of-run error for p from Eq. 6,

LSE(p) = least squareserror for p from Eq. 2,

MFRA = mean fish-run-age for the present run from Eq. 5,

D = predicted proportion of observed present smolt outmigration,
RR =

release-recapture predicted percentage from Eq. 3, and
RRE(p ) = release-recapture error for p from Eq. 4.



The MFRA in Eq.5 dso serves the purpose of shifting weighting of the errors from the release-
recapture agorithm to the least-squares algorithm as the age of the run increases. The constants
were found by adjusting the equation to improve program prediction performance to the historical
outmigration data. The program selects the p with the minimal calculated error.

Calculation of Performance of Program RealTime Across the Season

The results presented in Table 3 are the mean absolute deviance (MAD) of the daily predic-
tions for the 1995 and 1996 spring chinook outmigrations. The MAD is cdculated by the formula

" ~
) !p,- - Pil

- i=1
MAD - 8)
where p; = predicted cumulative percentage of outmigration distribution completed for day i,
p; = observed cumulative percentage of outmigration distribution completed for day i,

and
n = totd number of days in the outmigration run for the season.

The reaults are summarized in three columns. the MAD over the entire run, the MAD over the
first half of the run (i.e. cumulative run to the 50% mark), and the MAD over the last haf of the
run.

Results

The 1996 Program RealTime performance was very comparable to the performance of pro-
gram RealTime in 1995, despite being composed of only six individua tag-sites. Five of the
release Stes were in the Grande Ronde and Imnaha River systems, with the remaining dte in the
Samon River drainage. In the 1995 report, nine of the thirteen tag sites were in the Salmon River
drainage; the remaining four Sites were in the Grande Ronde and Imnaha river systems.The mean
1996 individud tag-site MAD’s (5.7 overdl, 7.8 first half, 4.6 last half) were improved over the
mean 1995 individua tag-site MAD’s (6.4 overdl, 7.1 first haf, 6.1 last haf). The 1996 compos-
ite run MAD’s (2.4 overdl, 1.9 first half, 2.5 last half) were smilar to the MAD’s for the 1995
composite run (2.2 overal, 2.7 first haf, 2.0 last half). A graph for me daily predictions of the
1996 RealTime composite run (Figure 3) gives a clearer picture of the season’s performance.

Figure 4 and Table 4 compare the percentage-passage dates of the individua stocks, the pro-
gram RealTime composite run and a composite made up of ESU stock PIT-tagged during the pre-
vious summer. Using the distance of the release site to Lower Granite Dam, calculated from the
release tables in the DART database via “DART PIT-tags observed by release site”*, a lagging of

1. World Wide Web address: http://www.cqs.washington.edu/dart/pit_rel_de html. Data courtesy of Pacific
States Marine Fisheries Commission.



migration timing for longer migration distance is not as apparent as last year. However, in 1996,
PIT-tag detections were dominated by early streams less than 500 kilometers above Lower Gran-
ite Dam. Low adult escapement of Snake River wild spring/summer chinook in 1994 to many of
the streams greater than 500 kilometers above Lower Granite Dam prevented the marking of parr
during the 1995 summer season in many of the these streams which generally exhibit later pat-
terns of spring smolt outmigration timing a Lower Granite Dam. Additionaly, the small numbers
seen from the South Fork of the Salmon River had minimal impact on the RealTime composite
prediction. Appendix A contains graphs for the daily predictions of each individua stock. Further
selected days throughout the outmigration season can bc viewed on the World Wide Web &t htp:/
/www.cgs. Washington. edw/crisprt/. Results for predictions of spring/summer yearling chinook
passage at other Snake and Columbia River dams from Little Goose to McNary Dams at down-
stream sites are available separately (Hayes et a. 1997-in press).

Figure 3: Composte run daily forecast and the daily confidence intervals compared to the
observed run for the 1996 out-migration season.
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Table 3: Comparison of mean absolute deviances (MAD) for selected 1995 and 1996
streams and composite runs. Columns show percent MAD’sfor the entirerun, thefirst
50% of therun, and the last 50% of therun (to two weeks after last detection).

1995 1996
Tagging Site TotalRun First50% Last50% | Total Run  First 50%  Last 50%
Bear Valley Creek 45 5.6 39 - - -
Big Creek 29 6.1 15
Catherine Creek 5.6 2.7 6.6 5.4 33 6.1
Elk Creek 6.6 8.2 5.8
Grande Ronde River 6.4 5.0 7.6
Imnaha River 10.0 155 7.7 6.8 6.6 6.8
Lostine River 35 34 36 95 18.7 4.3
Marsh Creek 49 7.8 36
Minam River - 2.8 2.7 2.9
Salmon River 15.5 131 16.1
Salmon River, East Fork 4.6 7.0 35 -
Samon River, South Fork 8.7 8.6 8.7 6.2 9.6 49
Secesh River 2.8 38 25
Valley Creek 7.3 51 8.9
Wenaha River, South Fork - 34 6.2 2.8
mean MAD 6.4 7.1 6.1 5.7 7.8 4.6
median MAD 49 6.1 58 5.8 6.4 4.6
range 28-155 27-155 25-161 | 28-95 2.7-18.7 2.8-6.8
Composite Runs 2.2 2.7 20 2.4 1.9 25

In addition to the RealTime composite, composed of only the six streams that met the
1996 criteria of the RealTime program agorithms, the migration timing for an ESU com-
posite that included al Snake River wild spring/summer chinook stocks having parr PIT-
tagged during 1995 was calculated. This new composite consisted of 693 smolt detected at
Lower Granite Dam, released from 15 different Sites. The timing distribution and duration
of the middle 80% of the ESU composite and the RealTime composite are remarkably
smilar, however, the start and end dates of the ESU composite are more protracted than
the RealTime composite (Table 4 and Figure 4). The limited marking in 1996 restricted
the accurate application of program RealTime to only a few individua ESU streams.
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Table 4: Observed passage dates (0%, 10%, 50%, 90% and 100%) at Lower Granite
Dam in 1996 for PIT-tagged wild Snake River spring/summer chinook salmon smolts
for the six individual stocks, the RealTime and ESU composite runs, based on the parr
PIT-tagged in 1995. The ESU compositeis calculated from all spring/summer chinook
PIT-tagged at designated ESU sitesin 1995 and observed at Lower Granite Dam in

1996.
Passage Dates a Lower Granite Dam
Population or Stock 10% 50% 90% Range

Catherine Creek 18 April 30 April 17 May 14 April - 4 June
Imnaha River 16 April 26 April 18 May 14 April - 12 June
Lostine River 22 April 15 May 7 June 17 April - 19 June

Minam River 14 Apil 25 April 18 May 10 April - 7 June

Salmon River, South Fork 19 April 15 May 9 June 19 April - 3 duly
Wenaha River, South Fork 15 April 22 April 2 May 13 April - 16 May

Program RealTime Composite? 16 April 30 April 19 May 10 April - 3 July
ESU composite? 15 April 27 April  19May 29 March - 15 July

a. The composite consists of the 6 individual release sites mentioned above.

b. There were 15 release sites that qualified as an ESU site, but did not meet the RealTime criteria
for individual stream forecasting for various reasons..
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Figure 4: Timing plots of 1996 passage dates (10%, 50%, 90% (dots) and range(endpaints))
at Lower Granite Dam for PIT-tagged wild Snake River spring/summer chinook salmon
smolts for the six individual stocks, the RealTime and ESU composite run, based on the parr
PIT-tagged in 1995. The dashed lines show the dates that 10% and 90% of the outmigration
passed Lower Granite Dam as estimated by the RealTime composite of the six sites.
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Discussion

The 1996 outmigration experienced very high, early flows, with a large portion of this water
being spilled. Five of the six individual stocks that made up the composite run (all except the
Salmon River, South Fork) recorded a higher than expected number of spill-adjusted fish
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(Table 2). Though the river conditionsin 1996 varied from previous years, characterized by
higher flows than previoudy experienced, we were pleased with the performance of the 1996 pro-
gram RealTime.

The 1996 program RealTime predictions for the individual stocks were fairly accurate, with
the exception of the Lostine River run, where predictions of run status were above the observed
proportion-passed for most of the observed run (Appendix A). Thisislargely dueto the close
match that the first half of the season had to previous years. From the first arrivals until mid-May,
the Lostine River run resembled higtorical runs in both shape and numbers, and had this been the
case, the run would have been smdler and shorter. An unexpected number of Lostine outmigrants
began to arrive mid-May and continued into the middle of June. This flush of outmigrants also
occurred in three other release sites (Catherine Creek, Imnaha and Salmon (South Fork) Rivers),
approximately May 10-20, coinciding with alarge increase in both flow and spill at Lower Gran-
ite Dam (Fig. 5).

Figure 5: Total fllow and spill at Lower Granite Dam for May, 1996.
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The RealTime composite prediction, the average of the six individual stock predictions, gave
very satisfactory predictions that were within 3% for most of the run. The success of the compos-
ite predictions is due to the smoothing effects of simple averaging, which tends to cancel or
decrease the overall effect of randomly occurring errors such as the higher-than-observed predic-
tion for the 1996 run from Lostine River.

The 1996 timing plots of the dates of cumulative percentiles of passage a Lower Granite Dam
show two streams, the Salmon River South Fork and Lostine River, having later migration timing
than the RealTime composite (Figure 4). These differences highlight the importance of having
information on the migration status of the individual stocks that comprise the different run tuning
segments of the overal wild populations so that water managers can adequately access the risks to
individual stocks when making their decisions on operations and fish passage strategies.

The results from the 1996 outmigration further suggest improvements that can be made to the
RealTime program. Presently,, the program criteria consider PIT detections from parr marked dur-
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ing the calendar year immediately preceding the year of spring outmigration. Until recently,
amost al of the PIT-tagging of wild Snake River spring/summer chinook parr in the tributary
streams used in the RealTime predictions has been during the summer season. Beginning in 1993,
PIT-tagging occurred in fall and winter in addition to the summer season in some Idaho and Ore-
gon streams as more traps were added and more intensive life-history research was initiated
(Ashe, B.L. et al. 1995, Blenden, M.L. et d. 1996, Keefe et a. 1995, 1996). Investigation into the
season effect show differences in the migrationa timing past Lower Granite Dam for the groups
marked during different seasons (Keefe et d. 1995, 1996). These differences in the migration tim-
ing can confound the predictions of the RealTime program which are based amost entirely on
historical trendsin PIT-tag arrivals at Lower Granite Dam from parr marked during the summer
season only. In order to maintain consistency to past predictions, a change the 1997 RealTime cri-
teria to include only PIT-tag detections for parr marked during the previous summer season is
proposed. Additiondly, prediction agorithms for migrant groups marked and released during sea
sons other than the summer season will be investigated.
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Appendix A

Performance Plots for the 1996 Qut-migration Season
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Figure A3: Salmon River, South Fork and Wenaha River, South Fork Daily Predictions.
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Appendix B

Historical timing plots and dates of passage at Lower Granite Dam (from PIT-
tag data) for the six individual streams tracked by program RealTime during
the 1996 outmigration season.
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Figure B1: Historical Catherine Creek outmigration distribution at
Lower Granite Dam.
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Table B1: Historical Catherine Creek outmigration timing characteristics.

Detection Detection Dates Duration Par | LGRPIT ‘L\g{:s},“;‘; %
Year Middle 80% | Released | Detections Detections (3)Y(1)
First | 5% 95% | Last (days) (H ) 3) x 100

1991 4/17 | 4726 6/12 | 6/23 39 1014 77 77.8396 7.7

1992 4/8 | 4/15 5/28 | 6/29 36 940 67 67 7.1
1993 429 | 5/4 6/10 | 6/27 28 1108 102 158.2549 143
1994 4/13 | 4/25 6/3 7726 35 1000 76 110.4933 11.0
1995 4/22 1 4/30 6/16 | 7/4 37 2061 202 268.5996 13.0
1996 4/14 } 4/15 5/18 6/4 30 1682 116 261.7382 15.6

(2) Parr PIT-tagged and released during the summer/fall of the year prior to detection year.
(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts a Lower Granite Dam.
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Figure B2: Historical Imnaha River outmigration distribution at

Lower Granite Dam.
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Table B2: Historical Imnaha River outmigration timing characteristics.

Yo
31
x 100

6.0

8.0

5.4

9.6

8.8

12.4

51

D ion D i
Detection etection Dates Duration Parr | LGR PIT CgJI:SPt?Ii‘
Year Middle 80% | Released | Detections Detecti
First | 5% 95% | Last (days) M 2) (g)"“s
—
1989 a/4 | a4 5127 | 6/5 31 1213 73 73
1990 a5 | am snz | sr27 29 2005 161 161
1991 4/14 | 4/14 5/15 | 5/15 24 334 18 18
1992 a6 | 458 s | 521 24 759 73 73
1993 415 | 422 63 | 6/23 35 1003 63 88.3505
1994 an | ans 5731 | 8/11 25 1753 205 218.2332
1995 4r70: | 4/11 6/4 | 117 51 999 40 50.8661
1996 414 | 4ns 61 | 612 33 997 97 233.4590

234

(2) Parr PIT-tagged and released during the summer/fall of the year prior to detection yesr.

(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.

(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.

24




Figure B3: Historical Lostine River outmigration distribution at
Lower Granite Dam.
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Table B3: Historical Lostine River outmigration timing characteristics.

- e oun | por | oo [ p | o

Year Middle 80% |Released | Detections Detections 3W(D

First | 5% 95% | Last (days) (n @ 3) x 100
1991 4/20 | 4724 6/4 7 28 1017 90 90.8396 89
1992 4/12 | 4/14 5/21 6/2 26 1107 92 92 83
1993 4/17 | 4/21 5/19 6/2 25 1016 123 156.0881 15.4
1994 4/20 | 4721 6/3 6/7 35 733 71 87.3734 11.9
1995 4/8 | 4/11 5/30 | 69 39 1008 112 142.0105 14.1
1996 | 417 | 4/19 6/11 | 6/19 47 978 | 8 1 188.1730 19.2

(1) Parr PIT-tagged and released during the summer/fall of the year prior to detection year.
(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
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Figure B4: Historical Minam River outmigration distribution at
Lower Granite Dam.
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Table B4: Historical Minam River outmigration timing characteristics.

. Detection Dates Duaion | Par | LerpT | Adued o
Detection . . LGR PIT

Year Middle 80% | Released ' Detections Detections 3
First | 5% 95% | Last (days) 9] | 2) ) x 100

1993 4/18 | 4124 |- 5/18 | 6/3 22 1003 I 105 125.4875 125
1994 4/18 | 4/21 1 5/31 | 8/13 27 1005 112 133.2790 133

1995 4/8 | 4/10 6/6 6/7 43 998 70 89.4617 9.0

1996 4/10 | 4/13 j 519 | 617 35 998 68 164.9517 16.5

(2) Parr PIT-tagged and released during the summer/f

(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts a Lower Granite Darn.
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Figure BS: Historical Salmon River (South Fork) outmigration distribution at

Lower Granite Dam.
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Table BS: Historical Salmon River (South Fork) outmigration timing characteristics.

. Detection Dates Duration Par | LGRPIT | Adusted | o
Detection + a1, oo . LGR PIT
Year Middle o077 | Released | Detections Detections (3)/(1)
Firs 5% 95% | Last |  (days) (D @ 3 | *10
1989 4/15 | 4/20 6/15 | 6/20 49 2226 84 84 3.8
1991 417 | 4/19 6/14 | 7/13 52 992 98 98.8396 10.0
1992 a7 | 410 528 | 7127 44 1031 81 || s | |79
1993 4/22 | 4/26 6/17 7/5 32 1718 173 261.9623 15.2
1994 4/22 | 4724 6/25 80 40 5951 450 645.1197 10.8
1995 4/13 | 4/16 6/10 | 7113 48 1574 78 109.6849 7.0
1996 419 | 4/19 6/9 173 52 700 16 37.1644 5.3

(1) Parr PIT-tagged and released during the summer/fall of the year prior to detection year.
(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.

(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
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Figure B6: Historical Wenaha River (South Fork) outmigration distribution at
Lower Granite Dam.
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Table B6: Historical ‘Wenaha River (South Fork) outmigration timing characteristics.

Detection Detection Dates Duration Par | LGRPIT fcd;jrl:s}:er? %
Year Middle 80% | Released | Detections Detection (€383
First | 5% 95% | Last (days) ) ) (3)" 51 x100
e s s e —
1993 420 | 423 sia | sns 20 569 60 624796 | 110
1994 4ns | an9 1519 | 66 22 788 68 73.4074 93
1995 am | ano sinz2 | sns 28 746 53 62.0842 | 83
1996 4/13 | 4na st | sne 18 827 53 1324230 | 160

()" Pirr Pri-tagged and Teleased during the summer/fall” of the year prior 10 detection year.
(2) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
(3) Spill-adjusted (Appendix C) PIT detections of yearling Age 1 chinook smolts at Lower Granite Dam.
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Appendix C

Daily expansion factors for the spillway flow at Lower Granite Dam, 1996.
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Table Cl: Daily expansion factors for spillway at Lower Granite Dam, 1996. Daily observed
PIT detections at Lower Granite Dam were adjusted for spill using the equation:

y = 1.667 £ - 3.25¢ + 2.583x.

Date Date Date Date

(1996) Expansion (1996) Expansion (1996) Expansion (1996) Expansion
04/10 3.19 05/04 1.93 05/28 2.24 06/21 2.17
/11 4.44 05/05 193 05/29 2.32 06/22 2.05
04/12 4.89 05/06 1.78 05/30 2.54 06/23 1.66
04/13 4.86 05/07 2.19 05/31 2.30 06/24 1.76
04/14 4.61 05/08 3.19 06/01 2.19 06/25 2.42
04/15 3.70 05/09 3.40 06/02 221 06/26 2.34
04/16 2.64 05/10 2.02 06/03 2.06 06/27 2.25
04/17 2.90 05/11 2.07 06/04 2.30 06/28 1.89
04/18 2.89 05/12 201 06/05 2.44 06/29 1.00
04/19 2.78 05/13 1.88 06/06 2.58 06/30 1.05
0420 2.72 05/14 2.30 06/07 243 07/01 1.00
04/21 3.33 05/15 2.30 06/08 2.64 07/02 121
04/22 3.40 05/16 2.55 06/09 271 07/03 1.46
04/23 2.78 05/17 2.76 06/10 2.78

0424 1.93 05/18 3.14 06/11 2.63

0425 182 05/19 3.42 06/12 2.56

04/26 159 05/20 345 06/13 2.58

04127 183 05/21 3.14 06/14 2.58

04/28 1.63 05/22 2.63 06/15 2.60

04/29 174 05/23 2.57 06/16 2.85

04/30 177 05/24 2.72 06/17 2.77

05/01 1.75 05/25 2.71 06/18 2.89

05/02 1.84 05/26 2.36 06/19 2.37

05/03 1.83 05/27 2.35 06/20 3.03
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